Car drivers select their routes based on the information obtained about accidents and traffic congestion along the route. In recent years, nowcasting and forecasting of various traffic risk events is being performed by using diverse sensor data. However, there is no clarity as yet on what and how to communicate to the driver in case there are traffic risks on the route. In this paper, we have developed an environment that enables non UI experts to quickly create car navigation prototypes by using traffic risk data. This paper includes our report on a hackathon that we held using this environment. The hackathon theme was "Develop a new car navigation system equipped with a mechanism that makes the driver aware of traffic risks and helps them determine the most appropriate driving routes." Twenty three researchers and professionals from the field of traffic engineering participated. Our results have brought certain common problems to the awareness of the experts. The information obtained from this report will be very beneficial for our community to determine the direction of collaboration.
INTRODUCTION
Smart cities [1] use various sources to collect information related to traffic risks. A traffic risk is an event that can lead to an accident or traffic congestion. Traffic risk information is important for the driver to make decisions such as route selection. A wide variety of sensors such as weather radars, traffic counters, probe cars, and social networking services (SNSs) can be used for detecting and predicting the occurrence of traffic risks [2] . In this research, we built a cross-data collaboration platform [3] to collect and analyze data related to traffic risks (see Figure 1 ).
Although various warning systems exist for driving safety [4, 5] , the most appropriate way to communicate about various traffic risk data to a driver is unclear. Therefore, we conducted a hackathon to consider a new car navigation system based on the traffic risk map; the participants were all professionals near the field of traffic engineering.
In this paper, we provide the outline of the hackathon and discuss the results. The hackathon was effective as an open forum for sharing the concerns and future visions of the experts. Also, there were similarities in the results obtained from the various participants. These similarities (see Chapter 4) are important information that can help in future research.
METHODOLOGY 2.1 Hosting the Hackathon
The hackathon named "Smart Sustainable Mobility Hackathon" was hosted by the National Institute of Information and Communications Technology in Tokyo on February 23 and 24, 2019 [6] . The aim of this hackathon was to develop an innovative car navigation system that uses traffic risk data. We described the background and purpose of the hackathon to the participants as follows. "On the roads, drivers face a number of unforeseen hazards, such as sudden weather disasters and hidden accident black spots. We are trying to digitize the existence of risks by Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. using information obtained from various sensors. In this hackathon, we have used data obtained from the past to generate three types of risk maps: heavy rain, heavy snow, and near miss. At the start, the driver is not aware of the dangerous situations that might occur along the way. To realize safe driving, the participants need to develop a car navigation system that allows drivers to become aware of the risks and helps them make appropriate route decisions. Please make a presentation using a scenario that can highlight the effects of the functions of the new car navigation system." To provide detailed information to the participants, a keynote address titled "Traffic monitoring and risk alert" was given by Professor Kuwahara of Tohoku University; he is a well-known researcher in disaster traffic engineering. In addition, we also gave a lecture on the development environment and dataset.
There were a total of 23 participants, of which 19 were professional engineers (of geographic information system companies and a navigation system company), researchers (of traffic engineering), or IT engineers. The remaining four participants were professional user interface designers, who knew how to use the hackathon development environment in advance. We formed four groups of about six participants each.
We provided a prototyping tool to develop an innovative car navigation system in a limited time. We also used a car navigation simulator to demonstrate the operation of the car navigation system that we had created. We will explain this environment in more detail in the next section.
Hackathon Environment
Here, we introduce the prototyping tool and the car navigation simulator for the hackathon. These tools used application program interfaces (APIs) of cross-data collaboration platforms (see Figure  1 ).
Prototyping tool
The prototyping tool was implemented as a Web application (see Figure 2 ). On the upper part of the Web browser, this tool displayed the risk map, travel routes, branch points, and route information, such as the travel time and the amount of risk exposure. On the lower part of the browser, the alert trigger conditions could be set by using the risk values (from 0 to 10) and the distance from the vehicle. For example, if we set the risk value to 2 or more and the distance to less than 600 m, it was possible to confirm when and where the vehicle had received alerts by performing a travel simulation (see "Simulated alert trigger" in Figure 2 ).
The car navigation behavior is based on the alert trigger; therefore, it is possible to display images, play videos, play audio files, set buttons, and change the route (see "Car navig. behavior setting" in Figure 2 ). Images and videos can be displayed in combination with the navigation screen (see Figure 3 ). The button can have functions such as the route change and image display switching. In addition, the button area can be freely defined. All these settings are saved as the JavaScript Object Notation (JSON) format behavior configuration file that can be loaded by using the car navigation simulator.
Car navigation simulator
Car navigation simulator is an Android application; it was developed based on the consumer car navigation application (see the lower part of Figure 3 ). The development was performed in cooperation with ZENRIN DataCom CO., Ltd. [7] . This simulator loads lists of the global positioning system location information, which are recorded in a local file. It simulates the car movement on travel routes. The simulator also loads a JSON behavior configuration file. It performs actions such as media display, user interface behavior, and route changes.
Driving simulator
One aim of this hackathon was to create a new way of providing information; therefore, we decided that it was not necessary to and user experience evaluation comply with the guidelines for the In-Vehicle Display Systems (which involved limiting the number of characters on the screen, prohibiting moving images, etc.) given by the Japan Automobile Manufacturers Association (JAMA) [8] . However, it was necessary to pay attention to driving safety factors, such as not watching the navigation screen for a long time and not increasing the operations (such as button pressing) too much.
Then, we installed a driving simulator at the hackathon venue to allow non-experts to determine whether or not the developed prototype user interface was appropriate (see Figure 4 ). To reproduce the constant tension and load on the driver, we used a course with a gentle curve to the left and to the right. Index of increase in intersection risk due to rainfall
Risk maps
Risk maps were generated from the actual recorded data such as extreme weather conditions and traffic congestion (see Figure 5 ). From the recorded cases, we selected the risk map for the hackathon based on the situation in which many drivers avoided the danger in the preliminary experiment. Table 1 describes three types of risk maps provided to participants. The organizer specified which risk map was to be used by each group.
The risk value was used as a trigger condition in the prototyping tool. In this hackathon, the participants could define the actual situation corresponding to the risk value. It was intended to increase the degree of freedom in development.
Travel routes
We created the travel routes before the hackathon (see inside the risk maps of Figure 5 ). The routes were calculated using the Dijkstra's algorithm in which the risk value was also added to the movement cost. To consider the behavior of the car navigation system, we adjusted the system to display multiple routes and branches.
RESULTS
The participants spent two days discussing and prototyping their models. Finally, they made their presentations and demonstrated their results. The evaluators scored on the user interface perfection, user experience, innovativeness, feasibility, sustainability, and the fit for purpose. There were four evaluators: a traffic engineering researcher, a big data researcher, an investor, and an inside director of the navigation system company.
Products
This section describes the products developed by each group.
Title: S-KNOW (Group A. The risk map of heavy snow) Score: 83
Description: S-KNOW displays the videos from street cameras and drive recorders, which provides information about the road conditions ahead (see Figure 6 ). It provides guidance for driving on a snowy road according to the driving skills of the driver.
Title: CSupNAVI (Group B. The risk map of heavy rainfall) Score: 77
Description: CSupNAVI helps with the route selection under risky conditions. The taxi drivers and passengers share the risk and cost information to avoid any subsequent misunderstandings (see Figure 7 ). Description: IKUNAVI changes the amount of information displayed on the car navigation system based on the driver's driving skills (see Figure 8 ). While stopping at a traffic light, a road safety film suitable for the situation is shown.
Title: Gou-de-Go (Group D. The risk map of heavy rainfall) Score: 72
Description: Depending on the driver's purpose (e.g., commercial or private driving), the displayed driving route is used. All guidance is given by voice as much as possible.
The hackathon winner was S-KNOW (see Figure 6 ). Their main function was to provide driving support on heavily snowed roads by aggregating the risk information from the heterogeneous Internet of Things data. Various concepts such as inter-vehicle communication, use of SNSs, and pre-departure navigation were integrated with high feasibility, which was highly rated.
DISCUSSION
This chapter summarizes the similarities and differences among the products. We discuss the participants' awareness of the problem and the future vision about traffic risk and navigation.
Information Presentation
All four groups were of the opinion that there was scope for improved in the method for providing information to the driver (except CSupNAVI for the taxis). Gou-de-Go proposed providing information by voice only. Their aim was to reduce driving distractions. S-KNOW proposed photo images and video displays. The displayed photo images and videos were not desirable according to the current JAMA guidelines because the driver had to gaze into the display for a long duration. However, it had the effect of making the information persuasive. In addition, it was proposed to provide as much information as possible before departure. IKUNAVI also proposed a video display. The idea was to provide a display when the vehicle stopped at a red light. Usually, there are limited opportunities for providing information to drivers. However, in urban areas having a number of traffic lights, it is possible and lawful to provide information at stop signals.
Traffic risk data provides more information content and variety than normal route guides. It is important to develop the means to provide appropriate information without distracting the driver.
Information Personalization
All the groups (excluding CSupNAVI for taxis) stated that they would change the information provided for every driver. S-KNOW and IKUNAVI proposed to change the travel route based on the driving skills of the driver. S-KNOW suggested changing the route depending on whether the driver was used to driving on a snowy road. IKUNAVI provided a safe way of driving for beginners. In addition, the amount of information was reduced for beginner drivers. It may be necessary to consider whether there is a difference in the information processing ability between beginners and experienced drivers, which relates to safe driving. Gou-de-Go insisted that people experience time differently based on the occasion, for example, time is experienced differently when driving to work as compared with driving for pleasure with a loved one. Therefore, Gou-de-Go changed the content of route guidance according to the driver's purpose.
To achieve navigation personalization, it is essential to collect information not only on individual skills and purposes but also on the corresponding road structures and regional information. We need to satisfy the diversified needs of each user in consideration of individual privacy.
Mediation
Risk assessments and judgments differ from person to person. It is different from the travel time and the toll for the route.
CSupNAVI argued that problems could be prevented by considering the judgment processes of the passengers. This approach targets both taxi drivers and passengers. According to them, the final judgment was made by the passengers.
Such discussions of mediation and responsibility will be very useful in the future in the context of autonomous driving and ride sharing. We think that additional social research is required to determine the most appropriate judgment process.
CONCLUSION
We developed a spatiotemporal risk map API, a prototyping tool, and a car navigation simulator and used these to conduct a hackathon. These development environments were effective for the rapid prototyping of car navigation systems. There were several interesting suggestions on how to use the risk data. Also, the commonalities in the presentations show the need for additional research in car navigation in the future. The importance of developing means to provide appropriate information without distracting the driver was shown. Additionally, we need to satisfy the diversified needs of each user by considering privacy. We will continue to incorporate the suggestions of professionals of traffic engineering and build a new car navigation system that utilizes traffic risk.
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